Abstract
Introduction

38
A major aim in the development of modern hydrogel formulations such as those currently 39 used in wound dressings, is to achieve the effective and accurate delivery of the required 40 therapeutic agents included in the formulation over a prolonged period of time (Boateng et al., 41 2008). Among hydrogels, chitosan hydrogels are one of the most studied systems, particularly 42 with respect to their bioadhesiveness. Chitosan has frequently been studied as a possible 43 wound dressing and as a delivery system for therapeutic agents. This is primarily due to its 
50
The rationale behind using liposomes-in-hydrogel as a delivery system is to assure sustained 
57
In the current study we aimed to gain a better insight into the interactions between drug 58 molecules, liposomes and hydrogels. However, the complexity of the liposomes-in-hydrogel 59 delivery system limits a real-time analytical evaluation of drug release from liposomes, which 60 function as a drug reservoir within the hydrogel, delivering the drug to the administration site.
61
For this purpose, pH-sensitive rhodamine compounds of two different lipophilicities were ). In addition, the high viscosity of hydrogels acts as a 67 protective mechanism which can stabilize liposomes, as has been previously shown by 68 Mourtas and colleagues (Mourtas et al., 2008b) .
69
An additional important characteristic that makes hydrogels interesting for wound therapy is produce a lot of exudate, which can lead to maceration of the wound bed, whereas other 77 wounds are dry and need additional moisture from the wound dressing for their proper healing 78 (Fulton et al., 2012) . Therefore, in this study we also tested the fluid handling properties of 79 both chitosan-and Carbopol-based hydrogels. 
Materials and Methods
83
The rhodamine derivatives used in this study, namely 
138
Liposomes containing dyes were prepared in the same manner. Namely, the lipid components
139
were dissolved in methanol and rhodamine dye was added in the organic solution (2 µmol/L). Massachusetts, USA) and the pellet resuspended in 10 ml of distilled water (pH 6.7).
148
Liposomes of various sizes were prepared by the probe sonication; the liposomal suspensions Hills, Illinois, USA).
152
All liposomal suspensions were characterized for size by dynamic light scattering and zeta
153
potential with a Zetasizer Nano ZS (Malvern Instruments Ltd., Worcestershire, UK).
155
Preparation of hydrogels
156 Hydrogels were prepared as described earlier (Hurler et al., 2012b) . In brief, Carbopol was adjusted to obtain hydrogels with a pH value of 7. The gels were allowed to swell at room 160 temperature for 24 h before further experiments.
161
Chitosan hydrogels were prepared as previously described (Hurler et al., 2012b) . In brief, high 
Preparation of liposomes-in-hydrogels
169 Hydrogels were prepared as described in 2.3. After the swelling time, 10% (w/w) the 
185
The list of preparations evaluated for their respective dye release is given in 
211
The gelatin (35 %, w/w) which was selected to mimic a dry wound was prepared in Solution The swollen gelatin (10 ± 0.1 g) was filled into the barrels of 60 ml syringes, after removing were removed gently from the gelatin and re-weighed.
221
The same procedure was performed using the agar (2 %, w/w) instead of gelatin in order to 222 mimic the exuding wounds. The agar was prepared in the same salt solution as was used for 223 gelatin to emulate wound liquid.
224
The results are presented as the percentage weight gain and corresponding weight loss of the 225 formulation after the test compared with their original weight.
226
All tests were performed in triplicates. 
238
To test whether the charge on the liposome surface is influencing the release of incorporated 
270
The release kinetics of liposome-entrapped hydrophilic compounds from the gels can be 
338
It is expected that the large liposomes will release the incorporated drug into the hydrogel in a 
358
Influence of liposomes on rheological properties and texture
359
In this study we have focused on the rheological characterization of liposomes-in-hydrogels, exhibiting lower cohesiveness as compared to plain chitosan hydrogel (Hurler et al., 2012b) .
395
Glycerol is known to be able to alter the qualities of hydrogen bonds within hydrogels and can 396 thus influence the hydrogel's properties (Islam et al., 2004 Aspects of absorbency, Section 3.4, Fluid affinity of amorphous hydrogel wound dressings."
440
Under these controlled conditions hydrogels are exposed to the models of both dry and moist Water (10%, w/w) served as a control. Liposomal dispersions in concentrations of 10 %
599
(w/w) were incorporated into chitosan hydrogel. 
